Reverse shoulder arthroplasty may be performed using components that medialize or lateralize the center of rotation. The purpose of this prospective study was to directly compare 2 reverse shoulder arthroplasty designs. Two treatment groups and 1 control group were identified. Group I comprised 9 patients using a medialized Grammont-style (GRM) prosthesis with a neck-shaft angle of 155°. Group II comprised 9 patients using a lateralized (LAT) prosthesis with a neck-shaft angle of 135°. Pre-and postoperative assessment of range of motion, American Shoulder and Elbow Surgeons score, and visual analog scale pain score were performed. Radiographic measurements of lateral humeral offset and acromiohumeral distance were compared. The GRM prosthesis achieved greater forward flexion (143.9° vs 115.6°; P=.05), whereas the LAT achieved greater external rotation (35.0° vs 28.3°; P=.07). The lateral humeral offset was greater for the LAT prosthesis compared with the GRM prosthesis, but this distance was not significantly different from that found in the control group. The acromiohumeral distance was significantly greater in the GRM prosthesis group compared with both the LAT and the control groups. The results of this study confirm that different reverse shoulder arthroplasty designs produce radiographically different anatomy. Whereas the GRM prosthesis significantly alters the anatomy of the shoulder, the LAT design can preserve some anatomic relationships found in the normal shoulder. The clinical outcomes indicate that this may have an effect on range of motion, with traditional designs achieving greater forward flexion and lateralized designs achieving greater external rotation. [Orthopedics. 2015; 38(12):e1098-e1103.] 
A ccording to Paul Grammont, who helped to develop the basic design of the reverse shoulder prosthesis in the 1970s, "The patient who has lost a function doesn't care about the design of the prosthesis that will be implanted, but only about its effectiveness in restoring the lost function. It is useless to search for an anatomic solution, as this very anatomic system led to failure." 1 Reverse shoulder arthroplasty (RSA) has been used successfully in the United States since 2003, and its abandonment of anatomy in favor of a biomechanical solution to the treatment of patients with shoulder pain and dysfunctional rotator cuff has allowed patients to regain function and obtain pain relief. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] However, the ideal design of the prosthesis continues to be a subject of debate.
The factors that influence RSA design include primarily the neck-shaft angle of the humeral prosthesis and the neck length of the glenosphere. These 2 parameters determine the center of rotation (COR) and ultimately influence the final position of the humerus. The original design tenet of Grammont, that the lever arm of the middle deltoid is increased by medializing and distalizing the glenohumeral COR, 18 has been modified by some designers to bring this COR back into a more lateral position. 19 A direct, in vivo comparison of the lateralized reverse shoulder prosthesis against the traditional medialized design of Grammont has not yet been performed.
The purpose of the current prospective study was to compare the clinical and radiographic outcomes of 2 RSA designs that differ with regard to the neck-shaft angle of the humeral prosthesis and the neck length of the glenosphere. Clinically, the authors hypothesized that differences in motion would be observed due to the differential muscle tension achieved by the different designs. Radiographically, the authors hypothesized that a significant difference in lateralization and distalization of the humerus would be apparent between treatment groups, as well as between each treatment group and a control group of shoulder radiographs.
Materials and Methods

Patient Selection
Eighteen patients who underwent RSA between September 2010 and May 2011 were identified for inclusion in this study. All procedures were performed by a single shoulder fellowship-trained surgeon (R.G.) through a deltopectoral approach. The indication for surgery was rotator cuff tear arthropathy in all cases. Two treatment groups and 1 control group were identified. Group I comprised 9 patients in whom a Grammont-style prosthesis (Aequalis Reversed Shoulder System; Tornier, Inc, Nice, France) was implanted using a 36-mm glenosphere and a humeral component with a neck-shaft angle of 155°. Group II comprised 9 patients in whom a lateralized prosthesis (Encore Reversed Shoulder Prosthesis; DJO Surgical, Austin, Texas) was implanted with a neckshaft angle of 135° and a 6-to 10-mm lateralized COR with a glenosphere size range of 32/-4 to 36 neutral. The amount of lateralization depended on the glenosphere size. The size of the humerosocket was determined by soft tissue tensioning. Group III was a control group comprising 10 normal radiographs.
Demographics
Demographics between treatment groups were similar. Group I comprised 3 men and 6 women with a mean age of 70.9 years; group II comprised 2 men and 7 women with a mean age of 70.4 years. Three patients in group I and 1 patient in group II had the procedure performed on the nondominant shoulder. The radiographic control group (group III) comprised 6 men and 4 women with a mean age of 74.7 years.
Clinical Evaluation
The 18 patients in groups I and II were evaluated clinically preoperatively and again at a mean of 8.1 months postoperatively. Mean follow-up was 9.6 months for group I and 6.6 months for group II. Clinical examination included measurement of active range of motion (ROM) in forward flexion, internal rotation, and external rotation, as well as assessment of American Shoulder and Elbow Surgeons (ASES) 
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Radiographic Evaluation
Groups I and II were compared against each other and against the control group using postoperative radiographs and, in the case of the control group, normal radiographs taken in the office. None of the patients in the control group exhibited osteoarthritis or other pathology that necessitated surgical intervention. The acromiohumeral distance (AHD) was measured on anteroposterior (AP) radiographs as the distance from the undersurface of the most lateral projection of the acromion to the superior border of the greater tuberosity, perpendicular to the undersurface of the acromion. The lateral humeral offset (LHO) was then measured as the distance from this line to the most lateral projection of the tuberosities on AP radiographs ( Figure) .
Statistical Analysis
Clinical and radiographic outcomes were assessed using the mean and SD for each group. Mean differences were compared between groups using an unpaired t test for equality of means. A P value less than .05 was considered significant. Inter-and intraobserver reliability for radiographic measurement were calculated by repeating measurements for one-third of the sample and calculating the intraclass correlation coefficient. The intraclass correlation coefficient for interobserver reliability was 0.935 for AHD and 0.908 for LHO; the intraclass correlation coefficient for intraobserver reliability was 0.963 for AHD and 0.940 for LHO.
results
Clinical Outcomes
Mean active forward flexion was 143.9° in group I and 115.6° in group II (P=.05). Mean external rotation was 28.3° in group I and 35.0° in group II (P=.07). There was no difference in the degree of internal rotation change from preoperative (-1.8 levels vs -2.2 levels; P=.74), ASES score (75.1 vs 71.0; P=.42), or VAS pain score (0.3 vs 0.7; P=.30) between groups I and II, respectively.
Radiographic Outcomes
Mean LHO was -4.0 mm in group I and 12.8 mm in group II, which indicated greater lateralization in group II (P<.001). Mean acromiohumeral distance was 32.3 mm in group I and 17.7 mm in group II, which indicated distalization in group I (P=.001) ( Table 1) . For comparison, mean LHO of the control group was 15.0 mm and mean AHD was 15.5 mm. Group I was significantly medialized (P<.0001) and distalized (P<.0001) when compared with the control group; group II was neither lateralized (P=.43) nor distalized (P=.30) when compared with the control group ( Table 2) . Individual patient characteristics and radiographic measurements are shown in Table 3 . 
discussion
The authors' hypothesis that a significant difference in lateralization and distalization of the humerus would be apparent in the postoperative radiographs and that clinical outcomes would differ between groups was confirmed by the results of this study: The lateralized implant group (group II) placed the humerus significantly more lateral and proximal than did the Grammont group (group I). The position of the humerus in group I was significantly different from that of the control group, whereas group II produced anatomic relationships that were not significantly different from those of the control group with respect to the position of the humerus. The Grammont implant design resulted in better active forward flexion, whereas the lateralized implant trended toward better active external rotation.
Improvement in external rotation is a proposed benefit of lateralization in RSA.
In an early report of the outcomes of the same lateralized reverse prosthesis used in the current study, Frankle et al 19 reported improvement in mean external rotation from 12° to 41° for patients with complete data at a minimum 2-year follow-up. This represented a significant improvement over the mean of 11.2° reported by Sirveaux et al 11 in a study of medialized design. The improvement in active forward flexion achieved by the lateralized design was from 55° to 105°, which is less than has been reported in studies of medialized design. 2, 3, [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] The results of the current study are consistent with these previous reports. The single-surgeon design of the current study indicates that the biomechanical characteristics of these 2 implant designs, rather than strictly the comfort of the surgeon with a certain prosthesis, influence clinical outcomes in a predictable manner.
The current authors' radiographic analysis shows considerable differences in the resultant anatomy between medialized and lateralized RSA designs. The reapproximation of the normal scapulohumeral relationships and natural contour of the shoulder after implantation of the lateralized prosthesis was proposed by Frankle et al, 19 who published drawings of the lateralized design in relation to normal anatomy and in relation to a medialized prosthesis, which are similar to the current authors' radiographic outcomes. Studies of the Grammont prosthesis have investigated the effects of distalizing the humerus: The ideal degree of distalization is considered to be 15 mm of arm lengthening, with the risk of acromial stress fracture and neurologic injury theo- retically increasing with excessive lengthening. 20 However, Lädermann et al, 21 in a series of 199 consecutive primary and revision RSAs, showed only 2 acromial stress fractures and no neurologic complications with a mean lengthening of 23 mm. Achieving good length requires preoperative planning, as well as attention to the ease or difficulty of reduction following prosthesis implantation, tension on the conjoint tendon, lack of pistoning with axial traction on the arm, and stability without tilting through a full ROM. 20 Based on the results of the current authors' head-to-head comparison of functional outcomes, it appears that the ideal reverse prosthesis design has not yet been realized. The Grammont prosthesis achieves a good functional result by lengthening the arm and tensioning the deltoid, which improves forward flexion. 18 However, limited external rotation following this type of RSA has traditionally been a problem and is thought to be due to the medialized COR, which shortens the lever arm of the posterior rotator cuff and also results in a loss of tensioning of the posterior deltoid fibers. 7, 20, [22] [23] [24] A recent cadaveric study by Ackland et al 25 found that the moment arms of most muscles affecting motion of the humerus are significantly altered following RSA, and, in many cases, the posterior deltoid loses its function as an external rotator and becomes an internal rotator, making the integrity of the infraspinatus and teres minor particularly important. The current authors' results indicate that lateralization in RSA may mitigate this to some extent, perhaps allowing the posterior deltoid to function more similarly to the way that it would in a normal shoulder. The lower degree of forward elevation seen in the current study may be due, at least in part, to a lesser amount of arm lengthening (AHD of 17.7 mm in the lateralized group vs 32.3 mm in the Grammont group). The ideal RSA design would take into account differences in patients' native anatomy because this could influence to a significant degree the lateralization of the greater tuberosity with respect to the acromion. The length of the scapular neck, as the current authors found based on a large anatomic study performed by their group, 26 can vary by as much as 20 mm between individuals.
Limitations of the current study are the small size of its patient cohorts and short-term follow-up. Although including more cases from additional surgeons would have increased the power, the authors feel that the single-surgeon design is a particular strength of this study because the implant design was the only variable introduced. Although these patients did not have long-term follow-up at the time of data collection, radiographic parameters would not be expected to change with time, and the short-term gains made by these patients are consistent with those of other studies with greater follow-up. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] Longer-term follow-up of this patient cohort will allow further comment on the differences observed in this study.
conclusion
The authors performed a comparative study of radiographic and clinical results following RSA using 2 implant systems with markedly different designs. The Grammont-style implant significantly medialized the humerus relative to the lateralized design and the control, a normal humerus. Superior forward flexion was observed with this prosthesis. However, the lateralized design placed the glenohumeral articulation close to the anatomic location of normal controls and imparted better external rotation to patients. Both designs produced improvement in overall function and pain relief. Further study of implant design is necessary based on the results of this study.
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